Objective: To examine whether the relationship between vitamin A intake, from plant and animal foods, and vitamin A status is the same throughout a population. Design: Analysis of cross-sectional data on vitamin A intake, vitamin A status, physiological condition and socio-economic status. Setting: Central Java, Indonesia. Subjects: Women with a child 24 months old (n 600). Results: Mean serum retinol concentration of women with animal vitamin A intake below or above the median (50 REad) was 1.28 and 1.38 "molaL, respectively (P`0.05). For those with intake above the median the distribution curve for serum retinol concentration was shifted towards the right, to higher concentrations. Serum retinol concentration of women with plant vitamin A intake below or above the median (279 REad) was 1.30 and 1.36 "molaL, respectively (P`0.05). Again, the distribution curve for serum retinol was shifted towards higher concentrations for women with an intake above the median, except for the subgroup of 25% with the lowest serum retinol concentration (`1.10 "molaL). These women did not seem to bene®t from their relatively high vegetable intake. They also had the lowest socio-economic status. Conclusions: The subgroup that was most in need of vitamin A could not obtain it from plant foods. It may well be that, because of their lower socio-economic status, their hygiene conditions were worse and therefore hostrelated factors that affect carotene bioavailability, such as parasitic infestation, were less favourable in this group. They depended on supplements and, if affordable, on animal foods, fruits andaor forti®ed products.
Introduction
Recently, there has been renewed discussion about the effectiveness of vegetables for improving vitamin A status. The bioavailability of carotenoids from leafy vegetables, and to a lesser extent also from non-leafy vegetables and fruits, appears to be lower than previously assumed (Bulux et al, 1994; de Pee et al, 1995; 1998a; Micozzi et al, 1992) . A recent study with schoolchildren found that the effectiveness for improving vitamin A status of vegetables (mean [95% CI]) was 23% [8 ± 46%] and of fruits 50% [21 ± 100%] of what has been assumed (de Pee et al, 1998a) . Analysis of cross-sectional data from women in Central-Java con®rmed that the effectiveness of vegetables was approximately 16 ± 23% of what has been assumed (de Pee et al, 1998b) .
The effectiveness of vegetables for improving vitamin A status depends on the bioavailability and the bioconversion of their provitamin A carotenoids. Recently, the array of factors that in¯uence carotene bioavailability and bioconversion have been summarised (de Pee & West, 1996) . Some of these factors are intrinsic to the carotenoids and their food source, such as presence of inhibitors and enhancers of absorption, and food matrix, while other factors are related to the host, such as parasitic infestation and nutrient status. Within a population, the variation in food preparation and food consumption practices is limited. Therefore, the large range of responsiveness to dietary carotenoids within a population is more likely to be due to differences in host related factors, than to differences in factors intrinsic to the carotenoids and their food source.
Previously, we found a dose-responsive relationship between vitamin A intake from plant as well as from animal foods and serum retinol concentration in women in Central Java, Indonesia (de Pee et al, 1998b) . We have now analysed those data to determine for which segment of the population a higher vitamin A intake from plant or animal foods was related to a higher serum retinol concentration and for which segment of the population it was not. If factors can be identi®ed that are related to the probability of bene®ting from an increased intake of vegetables, the design of food-based interventions can be optimised. The data used were collected as part of a nutrition surveillance system in Central Java.
Subjects and methods

Subjects and sampling design
The data used for the analysis were collected during the third round of data collection of the Central Java nutrition surveillance system (June ± August 1996) . These included data on socio-economic status, food production, food consumption, vitamin A intake, anthropometry and morbidity, from a total of 7196 households with a child 36 months old. The surveillance system has been described in more detail elsewhere (de Pee et al, 1998b) . In short, multistage cluster sampling was used to select 40 households from 30 villages in each of six ecological zones (n 180 villages). For blood collection from mother and child, a subsample of six villages was randomly selected per zone (n 36 villages) and from these, all households with a child 24 months old were selected (in total n 1134). Data from the women included in this subsample are reported in this paper.
The social marketing campaign and the nutrition surveillance system are both of®cial parts of the program of the Ministry of Health and as such underwent careful review before being implemented. Written informed consent was obtained before blood collection.
Methods
General questionnaire. A general questionnaire collected information on household composition, educational background of the parents, sanitary conditions, household use of cooking oil and coconuts, and source, preparation and consumption of vegetables. In addition, anthropometric measurements were taken and data on vitamin A intake and morbidity were collected. Graduates from Indonesian schools of dietetics collected the data. Cooking oil used per person per day was calculated by dividing the weekly amount used by the household by 7 d and by the number of family members living in the house, counting children under 6 y old for 50%.
Anthropometry. Weight was measured to the nearest 0.1 kg with a UNICEF mother and child weighing scale. Height was measured to the nearest 0.1 cm using a microtoise. Mid-upper-arm circumference was measured to the nearest 0.1 cm with a measuring tape distributed by the Indonesian Ministry of Health.
Vitamin A intake. Vitamin A intake was collected with a semi-quantitative 24 h recall questionnaire, described in detail elsewhere (de Pee et al, 1998b) . In short, a 24 h recall questionnaire was administered, vitamin A containing foods were classi®ed into ®ve categories for source and content of vitamin A (low and high vitamin A animal foods and low, medium or high vitamin A plant foods), and into three categories for portion size (small, medium or large). (289)) the median of the study population (50 REad). The difference between the two groups was signi®cant (t-test, P`0.05). Curves were constructed using intervals of 0.20 "molaL, starting from 0.10 ± 0.30 "molaL. (N.B. The smoothness of distribution curves depends on the width of the intervals chosen and every distribution curve is, by de®nition, composed of the curves of its subpopulations. In this case, no possible subpopulations were excluded).
Who bene®ts from higher plant vitamin A intake? S de Pee et al Vitamin A content of foods was obtained from Indonesian food composition tables (Ministry of Health, Indonesia, 1995; Hardinsyah & Briawan, 1994; and Nio, 1992) . For calculating vitamin A intake, multipliers were set for all categories.
Biochemical indicators. Venous blood samples (3 mL) were drawn in the morning. Haemoglobin concentration was analysed immediately with the Hemocue device (Hemocue, Angelholm, Sweden). When anaemia was diagnosed, women were referred to the local health care centre. At the location of blood collection, serum was separated from the remaining blood by centrifugation. Serum was kept in the dark in a portable refrigerator operated on a car's cigarette lighter for a maximum of two days. After that, serum was stored at 7 20 C until analysis of retinol at the Nutrition Research and Development Centre in Bogor, within 3 months after blood collection. Analysis was done by HPLC (column, Bondapak C18, Waters, Milford, MA; detector, Shimadzu SPD-6AV, Tokyo, Japan; standards, Sigma; solvent, Merck, Whitehouse Station, NJ, USA) with methanolawater (90a10 vav) as mobile phase (Arroyave et al, 1982) .
Data-analysis
Construction of distribution curves. Distribution curves were constructed by calculating the percentage of women within 0.20 "molaL intervals of serum retinol concentration (0.10 ± 0.30; 0.30 ± 0.50; 0.50 ± 0.70 etc). The values on the x-axis of the curves represent the midpoints of the intervals (Figures 1 and 2 ). Cumulative distribution curves for plant vitamin A intake below and above the median crossed each other at a serum retinol concentration of 1.10 "molaL (data not shown).
Statistical analysis. Differences between groups were examined by analysis of variance for normally distributed parameters, by Mann ± Whitney test for non-normally distributed parameters, and by chi-square test for proportions (Snedecor & Cochran, 1980) . For multivariate analysis, multiple logistic regression analysis was used (Snedecor & Cochran, 1980) . Spearman-rank-correlation coef®cients were calculated to assess the association between nonnormally distributed parameters (Snedecor & Cochran, 1980) . A P-value`0.05 was considered signi®cant, while for analyses where trends were important P-values 0.10 were also reported. Analyses were conducted using SPSS for Windows version 6.1 (SPSS Inc, Chicago, IL).
Results
From the 1134 women selected for blood collection, 623 provided a blood sample (55%). The participation per village ranged from 32 ± 93%. Data are reported for the 600 women for whom complete data sets were available. The women in the subsample (n 600) differed signi®-cantly from the other women selected for blood collection (n 534) for a few of all the variables reported in this paper: they had a younger child (10.8 vs 12.7 months), a lower body weight (47.7 vs 48.8 kg) and a smaller MUAC (300)) the median of the study population (279 REad). The difference between the two groups was signi®cant (t-test, P`0.05). Curves were constructed using intervals of 0.20 "molaL, staring from 0.10 ± 0.30 "molaL (see N.B. of Figure 1 ). ). The proportion of women with serum retinol concentration`0.70 "molaL and 1.05 "molaL was 2.7% and 20.3%, respectively. Anemia was found in 24% of the women (Hb`120 gaL).
There was a dose-responsive relationship between vitamin A intake from plant and animal foods and serum retinol concentration. Serum retinol concentrations for quartiles of vitamin A intake from plant foods (REad:
60; 61 ± 279; 280 ± 420; ! 421) were ("molaL, mean [95% CI] (n)): 1.31a [1.25 ± 1.36] (141) (147) (quartiles with different letters are signi®cantly different, ANOVA with posthoc multiple comparisons test for least-signi®cant difference; note that the ®rst two quartiles of vitamin A intake from animal foods were combined, because 40% of the women had not consumed vitamin A from animal foods). Vitamin A intake from plant and animal foods were negatively correlated (r 7 0.11, P`0.01).
Previous analysis of this dataset showed that factors related to serum retinol concentration included, in addition to vitamin A intake from plant and animal foods, physiological factors, such as haemoglobin concentration, age of the youngest child and breastfeeding status, and home gardening and woman's education level, an indicator of socio-economic status (de Pee et al, 1998b) . In this paper, we will thoroughly examine the relationship between vitamin A intake and vitamin A status for different subgroups of the population.
The distribution curves of serum retinol concentration by vitamin A intake from animal and plant foods are shown in Figures 1 and 2 , respectively. The curve of women whose vitamin A intake from animal foods was above the median of the population was shifted towards higher serum retinol concentrations, as compared to the curve of the women whose intake was below the median. The distribution curve of women whose vitamin A intake from plant foods was above the median of the population, was also shifted towards higher concentrations, except for the women at the left tail of the curve, for example, with the lowest serum retinol concentrations. This subgroup of 25% of the women (75 out of 300), had a serum retinol concentration`1.10 "molaL (intervals in that range were 0.90 ± 1.10 and 1.10 ± 1.30 "molaL, with mid-points of 1.00 and 1.20 "molaL, respectively). The question to be answered in this paper is what factors affect these relationships of vitamin A intake, from animal or plant foods, and serum retinol concentration within different subgroups. Table 2 compares characteristics among different groups of women: women with a serum retinol concentratioǹ 1.10 "molaL and a vitamin A intake from plant foods below or above the median; women with a serum retinol concentration ! 1.10 "molaL and a vitamin A intake from plant foods below or above the median; and women with a vitamin A intake from plant foods above the median and a serum retinol concentration below or above 1.10 "molaL. Multiple logistic regression analysis was used to determine which characteristics, in addition to the characteristics that formed the basis of the division into two groups, were most strongly related to the differences among two groups (Table  3) . Among women with a serum retinol concentratioǹ 1.10 "molaL, women with a vitamin A intake from plant foods below or above the median differed, in addition to a small difference of age of the child and breastfeeding status, only with respect to ownership of a home garden (®rst column). Their distribution of serum retinol concentrations was not different. Among women with a serum retinol concentration ! 1.10 "molaL, women with a higher vitamin A intake from plant foods, made more use of a closed latrine and used more cooking oil per person per day (second column), and their serum retinol concentration was shifted towards higher concentrations, relative to that of women with a lower vitamin A intake from plant foods. Among women with a vitamin A intake from plant foods above the median, those whose serum retinol concentration was`1.10 "molaL, and unshifted, had a lower vitamin A intake from animal foods, a lower education level, a lower haemoglobin concentration, and an older child, as compared to women with a serum retinol concentration ! 1.10 "molaL (third column).
Similar comparisons of characteristics among subgroups of women are shown in Tables 4 and 5 for vitamin A intake from animal foods. Among women with a serum retinol concentration`1.10 "molaL, the women with a higher vitamin A intake from animal foods made more use of a closed latrine, had a higher education level and more of them had received a vitamin A capsule after delivery, as compared to the women with a lower vitamin A intake from animal foods (®rst column of Table 5 ), and their serum retinol concentration was shifted as compared to that Who bene®ts from higher plant vitamin A intake? S de Pee et al of women with a lower animal vitamin A intake. A similar pattern was seen among women with a serum retinol concentration ! 1.10 "molaL. Among women with a vitamin A intake from animal foods above the median, the only differences among the women with a serum retinol concentration below or above 1.10 "molaL was their haemoglobin concentration and their vitamin A intake from animal foods (last columns of Tables 4 and 5 ).
Characteristics of women with a serum retinol concentration`1.10 "molaL and vitamin A intake from plant or animal foods above the median are shown in Table 6 . The women with a vitamin A intake from animal foods above the median, whose serum retinol concentration was shifted relative to those with an intake below the median, had a higher education level as compared to the women with a vitamin A intake from plant foods above the median, whose serum retinol concentration was not shifted relative to those with an intake below the median.
Discussion
For women with a vitamin A intake, from animal or plant foods, above the median, the distribution curve of serum retinol concentrations was shifted towards higher concentrations, except for the subgroup of 25% of the women with a plant vitamin A intake above the median that had the lowest serum retinol concentrations. These women had a lower socio-economic status as compared to the 75% with a higher serum retinol concentration.
As previously reported, the vitamin A intake from plant foods was eight times higher than from animal foods, but the difference in serum retinol concentration among the groups with an intake below and above the median was almost the same for animal and plant foods (de Pee et al, 1998b) . This con®rmed that plant foods seem to be 16 ± 23% as effective in increasing vitamin A status (de Pee et al, 1998a and 1998b) as has been assumed (FAOaWHO, 1988) . The question now is why the positive relationship between vitamin A intake from plant foods and serum retinol concentration did not seem to exist for women with a relatively low serum retinol concentration.
First we should examine whether the method used for collecting data on vitamin A intake was appropriate. The fact that the data on vitamin A intake were related to vitamin A status in a dose-responsive manner shows that the method was appropriate for ranking women into quartiles of vitamin A intake. Misranking will have occurred, however not in a systematic way and not only for plant vitamin A intake of women with a vitamin A intake from plant foods above the median and a relatively low serum retinol concentration. Also, the method ranked women very well by vitamin A intake from animal foods: among women with a vitamin A intake from animal foods above the median, those with a serum retinol concentratioǹ 1.10 "molaL had a lower vitamin A intake from animal foods as compared to the women with a higher serum retinol concentration (Table 4 ). Such a difference among women with a serum retinol concentration below or above 1.10 "molaL was not found for vitamin A intake from plant foods above the median (Table 2) . Therefore, the serum retinol concentration of women whose vitamin A intake from plant foods was above the median but who had a relatively low serum retinol concentration, was indeed lower than expected based on their vitamin A intake from plant foods. 
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S de Pee et al Table 3 Multiple logistic regression analysis for characteristics of women with a child 24 months old and a serum retinol concentration below or above 1.10 "molaL by vitamin A intake from plant foods below or above the median of the group (279 REad), see also Variables available for stepwise entrance into the multiple logistic regression models which did not enter any of the three models were receipt of vitamin A capsule after delivery, and husband's education.
b Vitamin A intake from plant foods was not available for entrance into the logistic regression model, because the division in subgroups was based on vitamin A intake from plant foods.
c For the ®rst column, the interaction term for age of the child and breastfeeding status entered the model with stepwise entrance (P`0.05). Therefore, the logistic regression was re-run with forced entrance for all variables that had entered upon stepwise entrance.
d non-signi®cant (P b 0.10) e Overall P-value for cooking oil used, P`0.05 f Overall P-value for vitamin A from animal foods, P`0.10.
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Before hypothesising why their serum retinol concentration could have been lower, possible modi®ers of the serum retinol concentration should be examined. The ®rst possible modi®er is infection, because it can temporarily reduce serum retinol concentration (Northrop-Clewes et al, 1996) . However, it is unlikely that this would only have occurred in the group of women whose vitamin A intake from plant foods was above the median. The second possible modi®er is vitamin A intake from animal foods, which was lower for the women whose vitamin A intake from plant foods was above the median and who had a relatively low serum retinol concentration as compared to those with a higher serum retinol concentration. However, vitamin A intake from animal foods was not different among women with a serum retinol concentration ! 1.10 "molaL and a vitamin A intake from plant foods below or above the median, while their curves were shifted relative to each other (Tables 2 and 3) . Therefore, the question remains why for women with a vitamin A intake from plant foods above the median the distribution curve of serum retinol concentration was only shifted towards higher concentrations for women with a serum retinol concentration ! 1.10 "molaL. The second columns of Tables 2 and 3 show that these women, as compared to the women with a vitamin A intake from plant foods below the median, had a higher vitamin A intake from vegetables, as well as a higher socio-economic status, as indicated by the use of closed latrines and consumption of cooking oil. The consumption of cooking oil is more likely to re¯ect socio-economic status than bioavailability of vegetables carotenoids, because cooking oil consumption was almost the same as among women with a serum retinol concentration`1.10 "molaL (Table 4) . For women with a serum retinol concentration`1.10 "molaL, the only difference among women with a vitamin A intake from plant foods below or above the median, apart from the age of the child and breastfeeding status, was ownership of a home garden, which re¯ects access to vegetables. Therefore, vitamin A intake from plant foods does not seem to be related to socio-economic status, but the relationship between vitamin A intake from plant foods and serum retinol concentration may be affected by socio-economic status. In fact, among women with a vitamin A intake from plant foods above the median, women with a serum retinol concentration`1.10 "molaL had a lower socio-economic status as compared to the women with a serum retinol concentration ! 1.10 "molaL, as indicated by a lower education level and a lower vitamin A intake from animal foods (last column of Table 3 ).
However, the question is what is more important, the difference in vitamin A intake from animal foods or the difference in socio-economic status. As discussed above, animal vitamin A intake was not related to the different positions of the distribution curves of serum retinol concentration for women with a plant vitamin A intake below or above the median and a serum retinol concentration ! 1.10 "molaL. Therefore, it is more likely that the difference in vitamin A intake from animal foods re¯ects a difference in socio-economic status, which in turn affects the relationship between vitamin A intake from plant foods and serum retinol concentration.
The strong relationship between vitamin A intake from animal foods and socio-economic status is illustrated in Tables 4 and 5 . Women with a higher vitamin A intake from animal foods had a higher education level and more Table 4 Characteristics of women with a child 24 months old and a serum retinol concentration below or above 1.10 "molaL by vitamin A intake from animal foods below or above the median of the group (50 REad) Who bene®ts from higher plant vitamin A intake?
S de Pee et al access to a closed latrine as compared to women with a lower vitamin A intake from animal foods. The fact that receipt of a vitamin A capsule after delivery also entered the logistic regression model may indicate that the distribution of vitamin A capsules to women after delivery is biased towards women with a higher socio-economic status.
With respect to vitamin A intake from animal foods and serum retinol concentration, we conclude that women with a higher socio-economic status consumed more vitamin A from animal foods, and therefore had a higher serum retinol concentration. Therefore, socio-economic status determined vitamin A intake from animal foods, which then determined serum retinol concentration. For the relationship between vitamin A intake from plant foods and serum retinol concentration, the role of socio-economic status is more complex. It does not seem to affect vitamin A intake from plant foods itself, but rather its relationship with serum retinol concentration. The next question is how socio-economic status can affect the utilisation of provitamin A from plant foods.
The utilisation, or bioavailability and bioconversion, of dietary provitamin A carotenoids depends on factors intrinsic to the food or the meal, on factors intrinsic to the host, as well as on their interaction (de Pee & West, 1996) . It is unlikely that socio-economic status affects the choice of vitamin A-rich plant foods consumed or the method of preparation, because vegetables are relatively cheap and choices therefore more culturally determined, and fruit consumption is very low in this area. Therefore, factors that are related to the vegetable sources of carotenoids are unlikely to be affected by a difference in socio-economic status. Other factors that could be related to socioeconomic status are host-related factors, such as nutrient status, parasitic infestation and other infections.
In this population, nutritional status, as assessed using anthropometric indices, was not related to socio-economic status. Haemoglobin concentration, which was lower for women with a lower serum retinol concentration, is usually a consequence rather than a cause of a lower serum retinol concentration (Bloem, 1995) . With respect to presence of parasitic infestation and evidence of current or recent Table 5 Multiple logistic regression analysis for characteristics of women with a child 24 months old and a serum retinol concentration below or above 1.10 "molaL and vitamin A intake from animal foods below or above the median of the group (50 REad), see also Variables available for stepwise entrance into the multiple logistic regression model which did not enter any of the three models shown here were age of the child, breastfeeding status, cooking oil usedapersonaday, husband's education, vitamin A intake from plant foods, and ownership of a home garden. b Vitamin A intake from animal foods was not available for entrance into the logistic regression model, because the division in subgroups was based on vitamin A intake from animal foods. infection, data were not collected, except for a clinical examination and measurement of body temperature. Blood was not collected from clinically sick women, and body temperature was normal (35.9 ± 37.6 C). However, hygiene conditions are related to socio-economic status. When hygiene conditions are poorer, the risk of suffering from parasitic infestation andaor other infections of the gastrointestinal tract is higher. Such infections can reduce the bioavailability of carotenoids from vegetables (Solomons, 1993) . Therefore, a plausible hypothesis for how socioeconomic status can affect the relationship between vitamin A intake from plant foods and serum retinol concentration, is that hygiene conditions of women with a lower socioeconomic status are poorer and that, as a consequence, the condition of their gastro-intestinal tract is compromised, which reduces their ability to utilise plant carotenoids. An alternative hypothesis is that women with a lower socioeconomic status suffer more from subclinical infections and therefore have a lower serum retinol concentration while their utilisation of plant carotenoids, and therefore their vitamin A status, is not affected. However, this hypothesis is less likely, because the intervention study with puri®ed b-carotene found improvements of serum retinol concentration in all subjects, irrespective of the presence of, undetected, subclinical infections (de Pee et al, 1995) .
If the hypothesis that women with a lower socioeconomic status utilise plant carotenoids less well were true, it may seem strange that this phenomenon was not observed for utilisation of retinol from animal foods. However, it has been found that parasitic infestation had no effect on the absorption of a high, pharmaceutical, dose of retinol (Tanumihardjo et al, 1996) . Therefore, it may well be that the absorption of retinol from animal foods is also relatively undisturbed by a compromised condition of the gastro-intestinal tract. That bioavailability and bioconversion of dietary carotenoids are vulnerable to parasitic infestation was recently shown in a study with red sweet potatoes and dark-green leafy vegetables (Jalal et al, 1998) .
These current ®ndings that not everyone seems to bene®t from a larger intake of vitamin A from plant foods, but that it seems related to socio-economic status, is very interesting. It would imply that the group of the population that is most in need of vitamin A may be able to obtain it from supplements, forti®ed foods and animal foods, but not, or only to a very small extent, from plant foods, especially vegetables.
The fact that a recent study with breastfeeding women found no effect of an increased intake of dark-green leafy vegetables on vitamin A status (de Pee et al, 1995) may be partly explained by the hypothesis presented here. The women in that study were selected based on a low haemoglobin concentration, almost all of them were infested by parasites and their mean serum retinol concentration was 0.89 "molaL. They therefore, represented the lower end of the distribution curve of their population. A similar study in the same area with anaemic school children, who were also almost all infested by parasites, found that vegetable consumption increased serum retinol concentration, but the increase was only 23% [8 ± 46%] (mean [95%CI]) of the expected increase (de Pee et al, 1998a) . Probably the most important explanation for the ®nding that the vitamin A status of the children improved after consumption of darkgreen leafy vegetables is that the intensity of parasitic infestation among the children was much less than among the women (de Pee et al, 1998a) .
Conclusion
This present study found that for women with a vitamin A intake, from animal or plant foods, above the median, the distribution curve of serum retinol concentrations was shifted toward higher concentrations, except for the subgroup of 25% of the women with a plant vitamin A intake above the median that had the lowest serum retinol concentrations. These women had a lower socio-economic status as compared to the 75% with a higher serum retinol concentration. This means that the subgroup that was most in need of vitamin A was not able to obtain itÐto a measurable extentÐfrom plant foods. The probability of bene®ting or not bene®ting seemed related to socio-economic status, possibly re¯ecting host conditions, such as parasitic infestation. Intervention studies should be done in different populations to reveal the bene®t of an increased vitamin A intake from plant foods among people with different kinds and intensities of parasitic infestation.
